Abstract. In this study, effect of seed addition on the microstructural development of Y-Sm α-SiAlON system has been investigated. Besides using pre-produced rod-like α-SiAlON seeds, growth in the glassy phase and harvested by chemical treatment, powdered Y-Sm/α-SiAlON was also used as nuclei. Microstructural results of both systems were compared with un-seeded samples. It was found that the powdered α-SiAlON addition has also caused the acicular α-SiAlON grain formation, which indicates the dominant effect of thermodynamic stability on the preferential growth of α-SiAlON grains in the c direction.
Introduction
Studies on α-SiAlONs in last decade has been concentrated on the development of α-SiAlONs with elongated grain morphology to combine high hardness with high toughness. It has been shown by various studies that elongated α-SiAlON grains could be achieved by the careful design of the starting compositions, by the effect of starting Si 3 N 4 powder and by the manipulation of sintering conditions. It was explained by several authors that high oxygen and aluminium content in the starting composition enables the acicular nature of α-SiAlON formation [1, 2, 3, 4] . However, since the final product in these studies includes high amount of grain boundary phase, high temperature properties (e.g. creep) detalorates. In another research, whisker-like α-SiAlON microstructure was obtained by using β-Si 3 N 4 starting powder in order to increase toughness [5] . However, β-Si 3 N 4 powder is not easily densified and requires hot pressing for full densification. Further studies on the seeding role of β-Si 3 N 4 grains for elongated α-SiAlON formation showed that samples obtained from starting powders containing both α and β-Si 3 N 4 and densified via gas pressure sintering also resulted in promising microstructure mechanical properties [6] . Effect of sintering conditions on the microstructural evaluation of α-SiAlON grains was reported by Zhao et al [7] . They demonstrated that during the sintering schedule, application of a nucleation step at a lower temperature prior to grain growth, effects nucleation and growth of α-SiAlON grains. Our previous studies on the effect of nucleation step application revealed that, various nucleation time and temperature applications resulted in the similar microstructural development and it was revealed that needle-like grains could be achieved in all nucleation step applied systems [8] .
Being a well established method for controlling growth mechanism in ceramics, seeding has also become in the center of interest for elongated α-SiAlON formation in recent years and several studies have been reported [9, 10, 11, 12] . In these studies it was shown that, seeds play an important role for tailoring the favoured microstructure. During liquid phase sintering, by the formation of eutectic, AlN, Si 3 N 4 and also the partial of the seeds dissolve. Accordingly the new α-SiAlON grains nucleate on the surface of the melting seeds because of the lower nucleation energy needed for an epitaxial growth. Furthermore, studies on the templated growth of elongated grains showed that, the number of initial stable seed crystals is the dominant factor for microstructure control,regardless of shape and size of the crystals [13] .
Therefore in this study, besides using rod-like α-SiAlON seeds, the effect of powdered Y-Sm/α-SiAlON was also investigated as a nuclei. Powdered Y-Sm/α-SiAlON was used as seeds in order to see whether or not it acts as well as rod like seeds for the development of α-SiAlONs with elongated morphology.
Experimental Procedure
Equimolar mixture of Sm-Y multication system was chosen as densifying additives. Details of the repared samples are given in Table 1 . The overall compositions correspond to single-phase α-SiAlON with m=1.25 and n=1.3. The mixture of conventional α-Si 3 N 4 (UBE-E10) with AlN (HC Starck-Berlin, Grade C), Al 2 O 3 (Alcoa, Grade A16SG) together with equimolar mixtures of the sintering additives were milled in a planetary ball mill for 1½ h by isopropyl alcohol using Si 3 N 4 milling media. Seed and powdered nuclei addition were charged 1 (wt)% in the last 15 min of the miling. Seed and nuclei were dispersed in a small amount of isopropyl alcohol using ultrasonic stirrer to prevent their aglomerates in the final product. The oxide layers present on the surfaces of Si 3 N 4 and AlN were taken into account while calculating the compositions. Compacted and cold isostatic pressed pellets of dried powders were sintered via KCE FPW 100/150-2200-25 type gas pressure sintering furnace at 1940°C for 1 h under 2.2 MPa nitrogen gas pressure. Theoretical densities of the products were calculated by Archimedes measurements and the phase characterisations of the samples were carried out by X-ray diffraction (XRD) using a Rigaku Rint 2000 type diffractometer. Pre-produced Y seeds including a small amount of La were used. The details of seed production are available elsewhere [14] . For the nuclei production, pellets were crunched by ring milling and the grain size was measured using a Malvern particle size analyzer.
Polished surfaces of sintered samples were gold coated prior to examination in a Zeiss VP50-Supra type scanning electron microscope (SEM) by using back-scattered imaging mode. Dimensions of the grains were determined by using UTHSCSA Image Tool measuring over 200 grains in each system. Indentation fracture toughness was measured by the Vickers indentation using a diamond indenter under a load of 10 kg. 
Results and Discussion
Hexagonal rod shaped seeds having aspect ratio between 2-4 and mean grain size of 2 µm were used in this study. Thus, powder nuclei was milled until 2 µm powder was achieved.
XRD patterns of the materials with and without the addition of seed and powdered pellets revealed only α-SiAlON formation as designed. Although seed and powder nuclei addition resulted in a decrease in the density values, theoretical densities over 98% were achieved in all systems (Table 2) . Microstructures of the samples are shown in Fig. 1 . Images clearly distinguish between microstructures of the seeded ad unseeded systems. Although microstructure of unseeded α-SiAlON has also exhibited elongated grains according to the Sm 3+ existance, increase in the number of the elongated grais is obviously observed by microstructural characterisation in both seed and powder nuclei containing samples. Moreover length and diameter measurements on ~200 grains in each system displayed the impressive distinction in the aspect ratio of the elongated grains (Table 3) . Length versus diameter results revealed the bi-modal microstructure formation in powdered nuclei containing system. This behaviour is more obviously shown in Fig. 2 . In Fig. 1 and 2 , the bimodal grain size distribution is apparent in powder nuclei containing samples. The general microstructure consists of large elongated grains developed in matrix of fine grains and points out the difference in grain growth kinetics of powder nuclei containing system rather tahn the seed containing one. Formation and growth of α-SiAlON grains is a solutiondiffusion-reprecipitation process. In both seed and powdered nuclei containing systems, thermodynamic stability prevent the dissolution of all these seed crystals during the first step of this Ostwald Ripening mechanism. In the second step, they beheave as nucleation sites and encourage elongated grain formation. And in the last step according to the grain boundary phase amount, since the grain growth is somewhat diffusion controlled, α-SiAlON grains start to grow. Since the grain boundary amount is constant in the starting system, the reason of the bimodal structure observation in powder nuclei and more homogenius particle size distribution in seed containing sample is not attributed to the grain boundary phase. Since both seed and powder nuclei particle size are also constant, the only difference is that seeds are containing only one individual grain whereas the powder nuclei is consisted of several grains and also a very small amount of grain boundary phase. Fig. 3 shows the measured indentation fracture toughness values at room temperature. According to this figure, YSm+s, YSm+c and YSm+cc samples showed an increase in toughness 6, 7.5 and 18 %, respectively. This enhancement in toughness in seed and powder nuclei cotaining systems is attributed to the elongated grain formation. Since the elongated grains are the key for optimal toughness, mechanical tests supports the microstructural results: Higher the aspect ratio is higher the toughness. Furthermore, significant increase in YSm+cc sample is also related to the higher amount of porosity contamination of this sample. 
Conclusions
In this study, the substitution of powder nuclei with seeds is investigated and the results were compared:
Addition of both α-SiAlON seed and powdered Y-Sm/α-SiAlON as a nuclei resulted in the increase of the number of elongated grains and the aspect ratio.
The acicular resultant α-SiAlON grain formation denote that the powdered nuclei also beheave as a seed in the system, which indicates the dominant effect of thermodynamic stability on the preferential growth of α-SiAlON grains in the c direction.
Powdered Y-Sm/α-SiAlON addition as a nuclei resulted in bimodal final microstructure.
Since the grain size of the α-SiAlON seeds and powdered powder is identical, this result can be explained by means of the difference in growth kinetics which maybe a result of more than one grain and also some grain boundary phase content.
According to the one-to-one correspondance between microstructure and mechanical properties, toughness is improved in both seed and powdered Y-Sm/α-SiAlON nuclei containing systems As a result, easily produced powder nuclei can also be used as a seed for the elongated α-SiAlON formation.
